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Multiperiod Edge Definiti on Lithography 

Background 

The febrication of semiconductor devices, as well as many other related high-technology 

fe^es ' TS^^ BP0 T a / Bd definiti ° n ° f materfalS ^imensiona! 
2TJ *u Operatlon md Performance capabilities of these devices are inversely 

Slt^ *JZ? mimmU r SP^ 1 ^ dimensions - Traditionally, the definition of small 
feature ize .s accomplished by photolithography. These photolithographic processes are 
banted to a minimum feature related to the wavelength of the light (or elections) used in 

jESSf 8 ^. ?t re ? UCti °" in featWre Size necess *y * >™«* ^ toandfol 
°T*, te f hnol °Sy have challenge the limits of optical lithograph; 
neoessxtahng the development of novel lithographic patterning methods including x-ray 
SmS * *?* ^ tra - Vi0l6t ^ography, electron-beL lithography and ph2e 

S2££F ^ .^"f fo "^ucing the mmimum feature sizf achievable whh 
fractional optical lithography equipment is a process known as edge-definition 

Lt™ P I y ° r T Cer f 16 Iitho ^ h y- As Ascribed in figure l/edf S 
hAography involves the isotropic deposition, of a material (1.-100 L) over a 

mtS^nH y t SfiD ? , b, °t ^ featUre ' ^ ^^Pically etching of the depos ted 
ZTL? f ef ? e f al etchm S of the bl °<* mask feature. This process results in a 
m!LZ ^ re T n , S edge -° n and for Which the corresponds to the 

£ST a t 6 VT° P,Ca dep ° Sited layer (in the of l-100nm). This technique 
has been used to fabricate individual transistor devices which are <30nm in gate length as 
a demonstration of nanoscale transistors. S 

Many potential device technologies, including nanoelectronics, photonic crystals 
rSL^ n ^7 leCtt T eChaiUcaI SyStemS (NBMS > Md molecular electronics requS 

™™tT™T °f P T d I C S . tmCtUreS ° n ^ 1 - 100nm feature scal * As an example, 
proposed molecular electronics or carbon nanotube devices require an interconnection 
technology on the nanometer scale to enable the integration discrete devices. Integration 
°"™ CeS on " mterconnect platform is one approach, and would require the fabrication 
1 Jrtv » h0t0 ™°9Ty- As such, a photolithography method for fabricating 

SnTJEif ^ feS T h S ™f mterCOrmect dimensions (l-100nm) is desired 

This disclosure describes a fabrication method for edge defined lithographic arrays to 
meet such requirements These arrays may have either a regular or varying periodicity 
and may be patterned in 1 dimension or 2 dimensions. y ' 



Description of Invention 



This invention is a process for photolithographically fabricating an array of nanometer 
scale features through the use of a overhanging pattern adjacent and connected to a 
traditionally defined lithographic feature. In addition to the process invention, possible or 
potential devices fabricated using this process are described. The list of devices are a 
subset of all possible devices fabricated using the techniques described. The initially 
preferred embodiment of this process is given graphically in figure 2: 

1. ) A block feature is defined using standard photolithographic techniques on a substrate 
for fabrication. The spatial dimensions of this feature may be consistent with the 
diffraction limited focusing conditions of standard or advanced photolithography 
techniques. (For example, this feature may be ~lum by ~l^m in size.) The block 
feature may consist of photoresist, a metal, or an insulator. An attribute of this block 
feature is an etch chemistry consistent with subsequent differential removal of the block 
feature after array fabrication. 

2. ) A mask material (material 1) is deposited isotropically (or with a predictable and 
limited degree of anisotropy) across the masked surface feature and the substrate surface. 
In-situ process controls (optical measurements, piezoelectric QMS, etc.) or ex-situ 
process measurements (profilometry, optical measurements, Scanning microscopy, etc.) 
may be used to control or measure the deposited layer process and structure. The 
conditions for selection of material 1 include a differential etch chemistry relative to both 
the field mesa mask material from step 1 and the subsequently deposited material 2 
Additional material selection criteria may be based on the necessity of either material 1 or 
material 2 persisting as a residual component of the subsequently fabricated device (ie 
It may need to have the properties of a gate metal for the fabricated circuit.) A detailed 
description of the first material deposition is shown in Figures 4a and 4b. 

3. ) The material 1 is anisotropically etched from the surface, leaving features which were 
initially adjacent to the masked area sidewall. The degree of anisotropy of the etch 
process must be greater than the anisotropy of the deposition process. The differential 
anisotropy results in a greater effective cross-section for material removal in the areas of 
the deposited sidewalls. The remaining material following the anisotropic etch is a 
patterned feature with a lateral dimension comparable to the thickness of the isotropically 
deposited material. A single sequence of isotropic deposition and anisotropic removal 
constitutes the prior art 'spacer-gate' technology as shown in figure 1. Subsequent 
fabrication steps include the differential removal of the lithographically defined block or 
mesa region material. The final structure fabricated thereby is a line of material which is 
defined to a l-100nm spatial dimension. (A detailed description of the first material 
deposition is shown in Figures 4a and 4b.) 



4.) .The new process continues with a second material (material 2) which is deposited 
isotropically (or with a predictable and limited degree of anisotropy) across the masked 
surface feature (Including the material 1. spacer gate) and the substrate surface. In-situ 



process controls (optical measurements, piezoelectric QMS, etc.) or ex-situ process 
measurements (profilometry, optical measurements, Scanning microscopy, etc.) may be 
used to control or measure the deposited layer process and structure. The conditions for 
selection of material 2 include a differential etch chemistry relative to both the field mesa 
mask material from step 1 and the deposited material 1 from steps 2 and 3. Depending on 
the specific device being fabricated, either material 1, material 2 or the field mask may 
need to be removed through differential etching. Additional material selection criteria 
may be based on the necessity of either material 1 or material 2 persisting as a residual 
component of the subsequently fabricated device, (ie. It may need to have the properties 
of a gate metal for the fabricated circuit.) 

4.) The material 2 is anisotropically etched from the surface, leaving features which were 
initially adjacent to the masked area sidewall. The degree of anisotropy of the etch 
process must be greater than the anisotropy of the deposition process. The differential 
anisotropy results in a greater effective cross-section for material removal in the areas of 
the deposited sidewalls. The remaining material following the anisotropic etch is a 
patterned feature with a lateral dimension comparable to the thickness of the isotropically 
deposited material. While the single sequence of isotropic deposition and anisotropic 
removal constitutes the prior art 'spacer-gate' technology, the novel innovation is the 
subsequent deposition and removal of two (or more) different materials in conjunction 
with and as an extension of the initial spacer gate as shown in figures 2d and 2e 
Subsequent fabrication steps include the differential removal of the lithographically 
defined block or mesa region material. The final structure fabricated thereby is a line of 
material which is defined to a l-100nm spatial dimension. 



Initial Claims: 

L) Process for multiperiod (2 or more) edge definition lithography at nanometer 
dimensional scale (l-100nm) using two or more spacer gate materials. 

2. ) Differential etching of materials following multiperiod edge definition 

lithography process. 

3. ) Multiperiod edge definition lithography with two or more materials in a regular 

array or irregular array geometry. 

4. ) Multiperiod edge definition lithography with two or more materials in a regular 

interlayer spacing or irregular interlayer spacing. 

5. ) Sequential (one or more sequences) multiperiod edge definition lithography 

processes with, aligned or misaligned azimuthal orientation. Sequential 
processes result in one (1) dimensional, two (2) dimensional or three (3) 
dimensional arrays of nanometer scale features. 

6. ) Edge definition lithography using image reversal process to define nanometer 

dimensional scale (l-100nm) opening (gap) in a material. 

7. ) Bi-directional edge definition lithography to define a controlled, reduced spacing 

layer as small as zero (0) nanometers following image reversal process. 

8. ) Redeposition or regrowth of material in opening formed by image reversal 

, process defined gap or whole. 

9. ) Specific devices fabricated using multiperiod edge definition lithography 

including transistors, integrated circuits, interconnect layers (1, 2 or 3 
dimensional), molecular electron devices, spintronic devices, and photonic 
devices. 

10. ) Methods for in-situ and ex-situ control of deposition and etching processes 

during multiperiod edge definition lithography or lithography reversal based on 
optical, electrical, piezoelectric, magnetic or displacive measurements. 



Claims 
What is claimed is: 

1.. . A methbd for forming a plurality of decananometer-spaced (5-1 OQnm) channels in 
a subsfrate* the method comprising: . 

(a) isotropically depositing a first mask material on a substrate having a first 
region at a first level and a second region # a second level higher than the 

• first level; « 

(b) anisotropically etching the first mask material from the substrate to. 
produce a first sidewail extending from the substrate at an intersection of 
the. first and second regions; 1 

(c) isotropically depositing on the substrate a second mask material different 
from the first mask material, the second mask material covering the first 
and second regions and the first sidewail; 

(d) anisotropically etching the second mask material from the substrate to 
produce a second sidewail adjacent to the first sidewail, the first and 
second sidewalls having pitches on the order of nanometers; 

§ (e) repeating steps (a)-(d) .a predetermined number of times to produce a 
plurality of adjacent nanometer-pitched sidewalls altematingly formed of 
. the first and second mask materials; 

(f) selectively etching the second mask material from the substrate leaving the 
first sidewalls formed of the first mask material spaced from each other on 
the substrate by decananometer dimensions; and 

(g) etching regions of the substrate between the first sidewalls to form a 
plurality of decananometer-spaced channels in the substrate. 

2. The method of claim 1 further comprising forming a plurality of decananometer- 
spaced structures in a substrate, where the spacing between structures is uniformly 
spaced and periodic. . . < 

3. The method of claim 1 further comprising forming a plurality of decananometer- 
spaced structures in a substrate, where the spacing between structures is non- 
uniform or non-periodic. 

4. The method Qf claim 1 further comprising forming a plurality of decananometer- 
spaced, structures in a substrate, where the thicknesses of the features are uniform 
equally spaced and of uniform thickness. 



The method of claim 1 further comprising forming a plurality of decananometer- 
spaced structures in a substrate, where the thicknesses of the features are non- 
uniform and of unequal thickness. 



A method for forming a decananometer-sized (5-100nm) channel in a substrate, 
the method comprising: 

(a) depositing a decananometer-pitched line of first mask material on a 
substrate; 

(b) anisotropically depositing a second mask material on the substrate, such 
that the second mask material covers the line of the first mask material 
with a first thickness, forms first and second sidewalls on first and second 
sides of the line with a second thickness being less than the first thickness, 
and covers the substrate in regions adjacent to. the first and second 
sidewalls with the first thickness; 

(c) etching portions of the first and second sidewalls from the line of the first 
mask material; 

(d) removing the first mask material from the substrate leaving a channel in 
the second mask material having the same width as the line of first mask 
material; and 

(e) etching a channel in the substrate corresponding to the channel in the 
second mask material. 

The method of qlaim 6 wherein depositing the first line on the substrate includes 
using steps (a)-(d) in claim I. 

The method of claim 6 wherein etching portions of the first and second sidewalls 
includes preferentially etching the first and second portions of the sidewalls such 
tfiat the portions of the second material adjacent to the sidewalls and on top of the 
line of the first mask material are not removed. 



Figure 1 

Method of Edge Definition Lithography (Advanced Prior-Art Method) 
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Spacer gate method for nanoscale feature definition, a.) Isotropic deposition of a gate materia) over a field 
mesa patterned by traditional lithographic techniques; b.) anistropic etching of mask material. Sidewall 
areas have a higher cross-secction to anisotropic etching and are not completely removed; c.) Selective etch 
of initial field mesa leaving gate material with dimensions determined by isotropic deposition thickness. 

Figure 2 

Method of Linear Edge Definition Lithography Arrays (Innovative IP) 
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Figure 3 

Linear (2-DimensionaI) Array and Patterned (3-Dimensional) Array 
(2 Dimensional or Higher Dimensional Extension of Innovative IP) 





Figure 4 

Isotropic Deposition and Anisotropic Etch/Removal of Material over Photographically 
Defined Mask Feature. Technique Sequence is Basis for Spacer Gate Process. 
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Figure 5 

Anisotropic Deposition, Isotropic Etchback- and Lift-off Removal of Material over 
Photographically Defined Mask Feature with Nanometer Scale Features. 
(Technique is Basis for Spacer Gate Reversal Definition Process/) 
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